A new formulation of nonrelativistic scattering theory is developed which expresses the S matrix as a path integral. This formulation appears to have at least two advantages: (1) A closed formula is obtained for the 8 matrix in terms of the potential, not involving a series expansion; (2) the energy-conserving 8 function can be explicitly extracted using a technique analogous to that of Faddeev and Popov, thereby yielding a closed pathintegral expression for the T matrix. The introduction of the concept of the classical interaction picture provides considerable physical insight into this formulation. This formulation also suggests a successionof improvements to the eikonal approximation, the first of which is discussed explicitly.
I. INTRODUCTION Feynman's path-integral formulation of quantum mechanics' has been a subject of considerable interest recently. 2 In this paper, we develop a pathintegral formulation of nonrela. tivistic scattering theory. This work is an application of previous results of a path-integral ' ' v(t) 
For this Hamiltonian, the momentum and position satisfy the familiar equations of motion:
We define the classical interaction picture variables p(t) and q(t) in terms of P(t) and Q( dp dp "exp The manner in which the 6 function arises in Eq. (11.8) can be understood in the following heuristic way. To calculate S(p', p), we integrate over all phase-space paths for which p(t = -~) = p a.nd p(i =+~) =p'; the "integrand" is given by e'", where A. is defined by Eo. (III.5). The time translation properties of the classical interaction picture variables (see Sec. III} imply that any path can be specified by the path with p(t = -~) q(t = -~) =0 to which it is related by a time translation and by the parameter T of that time translation. The path integral can be written therefore as a double integral; one a path integral over all paths for which q(t = -~) p(t = -~) =0, the other an integral over T. We note that P/2 p2 A-A ---T , 2m 2m when a time translation by an amount T is performed; therefore, we expect that the integral over T contains the energy conservation 5 function. Therefore, in order to remove the 5 function from the S matrix, we integrate not over all phase-space paths, but rather only over those paths for which q(t = -~) p(t = -~) = 0.
These considerations are reminiscent of those In the case that V=O, the right-hand side of Eq. (V.3) must be equal to 6'(p' -p). We may therefore combine Eqs. (IV.5) and (V.3) to obtain the following path-integral expression for the T matrix:
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